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Lead contamination of soils and groundwater in the environment is a significant 20 environmental challenge. Lead particles in soil undergo weathering processes, which result in the 21 formation of Pb oxides and Pb carbonates (Jørgensen and Willems, 1987) . Nriagu (1974) 22 proposed the use of phosphate (PO 4 ) to immobilize Pb in situ via the formation of low solubility 23 pyromorphites and this approach has become an accepted remediation strategy (cf. Chrysochoou 24 et al., 2007) . Hydroxyapatite (Ca 5 (PO 4 ) 3 (OH); hereafter referred to as HA) has been used as a 25 source of PO 4 for in situ Pb immobilization, but is limited by its dissolution rate, especially in the 26 neutral to alkaline pH range (Hashimoto and Sato, 2007) . Similarly, stabilization of Pb with PO 4 27 rock has been limited by dissolution rate (Park et al., 2011) . Consequently, the extensive 28 incubation times required by these PO 4 sources may not be practical under some field conditions. 29
Soil acidification has been recommended for in situ stabilization of Pb with HA to facilitate 30 dissolution of the HA amendment (Suzuki et al., 1984; Hashimoto and Sato, 2007) . While some 31 studies have demonstrated that PO 4 can retard movement of Pb in the environment, some forms 32 of PO 4 treatment have been reported to increase Pb concentrations in field water leaching tests 33 (Kilgour et al., 2008; Park et al., 2011) . Butkus and Johnson (2011a) reported that transport of 34 Pb bearing intermediates formed in the presence of HA exceeded that of a Pb control at low pH, 35 which indicates that acidic pH can be a drawback when attempting to stabilize heavy metals in 36 soil. Phosphoric acid and highly soluble phosphate salts can be used to overcome HA 37 dissolution limitations (Ryan et al., 2004; Butkus and Johnson, 2011a and 2011b), but cultural 38 eutrophication concerns are a significant detriment (cf. Park et al., 2011) . Although some non-39 4 apatite forms of calcium phosphates have demonstrated a greater Pb stabilization efficacy (cf. 40 Sugiyama et al., 2002) , an ideal phosphate amendment to immobilize Pb has yet to be identified. 41 42 43 Polonite (trade mark Polonite®) is a substance that results from heating (900 o C) Opoka, 44 a naturally occurring sedimentary rock (Renman and Renman, 2010 intensities, the samples are considered to be desorbed and ionized; and, at higher laser intensities 116 they are considered to be ablated or evaporated. Due to the inherent variability in shot to shot 117 spectra, most of the reported spectra are averages of more than 100 profiles, which are co-added 118 spectra from at least 10 laser shots. For both positive and negative ion spectra, the reflectron 119 mode was chosen in order to ensure high enough resolution in the isotopic patterns of the ions of 120
interest. An HA control was prepared in 500 mL of deionized (DI) water by combining 0.800 g 121 Pb(NO 3 ) 2 (Fisher Scientific, Fair Lawn, NJ) with 0.480 g Na 2 HPO 4 (Fisher Scientific, Fair Lawn, 122 NJ) as described by Butkus and Johnson (2011a Table 1 ). The extent 175 to which an ion was observed was defined as follows: small peak (sm) being a minimum of 3x 176 the intensity of the background noise signal and average peak (X) being a minimum of 10x the 177 intensity of the background noise signal. A sample of Pb treated Polonite at low Pb 178 concentration (3.29x10 -2 mg Pb/g Polonite) was also evaluated, but was not included in Table 1 was exposed to wastewater containing PO 4 at pH 6.8, the following species were found: 14% 254 amorphous calcium phosphate, (ACP); 31% octacalcium phosphate ( Ca 8 H 2 (PO 4 ) 6 . 5H 2 O); and 255 25% HA. They also reported that Polonite, used to remediate PO 4 in field samples (150 mg 256 BOD 7 /L, pH 7.8), had the following composition: 0 ACP; 61% Ca 8 H 2 (PO 4 ) 6 . 5H 2 O; and 30% HA 257 (Eveborn et al., 2009 ). Both of these systems had considerable fractions of Ca 8 H 2 (PO 4 ) 6 . 5H 2 O. 258
More than one form of precipitated PO 4 was expected in the Polonite-P systems studied here due 259 to the array of ions present (Wang and Nancollas, 2008) . The SEM-EDS images of Polonite-P 260 ( Figure 5(b Table 1 ), Pb was 333 chemically fixed in Ca-Si-hydrate as discussed above. The LDI-TOF data (Table 1) The ratio of Ca release to Pb removal is 0.66 in both cases, which corresponds to the slope of the 358 data for Pb treated Polonite-P shown in Figure 4 
